This study aims to investigate the changes of cytokines and the effect of programmed death ligand 1 (PD-L1) signaling pathway on T cell function in patients with immune thrombocytopenic purpura (ITP).
Introduction
Immune thrombocytopenic purpura (ITP) is a disease mediated by the acquired immune system. There are abnormalities of CD4+ T cell subsets in ITP patients. CD4+ T cells play an important role in the acquired immune system, including promoting the differentiation and maturation of B cells, assisting the proliferation and differentiation of CD8+ T cells and other immune cells, as well as coordinating the interaction between different immune cells. Therefore, CD4+ T cells play a very important role in the pathogenesis of ITP.
T cells require dual signals for activation. The T cell antigen receptor specifically recognizes the antigen peptide presented by the antigen presenting cells and provides the first signal for T cell activation. Then, the corresponding receptors bind to the costimulatory molecules on the antigen presenting cells to provide the second activation signal. In addition, negative feedback regulation mechanisms exist in the activation process of T cells. Among them, the combination of programmed death (PD1) and programmed death ligand 1 (PD-L1) is included. Chronic stimulation of the PD-1/PD-L1 pathway can lead to effector T cell exhaustion and dysfunction, prevent excessive immune damage, and play an important regulatory role in maintaining immune homeostasis. [1] Blockade of PD-1 and PD-L1 interactions in myeloma in mouse [2] enhanced specific immune responses. In another metaanalysis, patients with advanced non-small-cell lung cancer could benefit from anti-PD-1 or PD-L1 antibody therapies, which had higher safety compared with docetaxel chemotherapy. [3] PD-1/PD-L1 signaling pathway plays a role in the pathogenesis of autoimmune diseases such as multiple sclerosis, [4] systemic lupus erythematosus, [5] and rheumatoid arthritis. [6] However, therapy with anti-PD-1 and PD-L1 in autoimmune diseases is less studied. There are 2 forms of PD-1 and PD-L1, that is, secretory form (sPD-1 and sPD-L1) and membrane bound form. [7, 8] The sPD-1 can block PD-1/PD-L signaling by specifically binding to PD-L, while sPD-L1 can stimulate PD-1 by retaining the IgV domain [9] and can promote the PD-1/PD-L1 signaling pathway, thus inhibiting T cell proliferation and activation. [10] Here, we studied the expression of PD-1/PD-L1 in patients with ITP. At the same time, we used in vitro experiments to activate or block the PD-1/PD-L1 pathway, to observe the changes in cytokines secretion in CD4+ T cells and analyzed the effects of different states of PD-1/PD-L1 signaling pathway on T cells.
Materials and methods

Patients
A total of 40 patients with untreated ITP from the Hematology Center of the First Affiliated Hospital of Xinjiang Medical University from January 2016 to August 2017 were enrolled. All cases met the diagnostic criteria proposed by the Blood Branch of the Chinese Medical Association in 2016. [11] No patients received platelet transfusion and splenectomy within 1 month, and none had been treated with glucocorticoid or gamma globulin. Meanwhile, 30 healthy people examined at the physical examination center of the same hospital were selected as the healthy control group. The demographic and clinical characteristics of the study cohort are shown in Table 1 . Informed consents were obtained from every patient and the study was approved by the ethics review board of the First Affiliated Hospital of Xinjiang Medical University.
Reagents
Murine anti-human monoclonal antibodies, including CD4-PerCP, CD8-FITC, PD-1-PE, CD3-APC, HLA-DR-PE-cy7, CD11c-PerCP, and PD-L1-PE were all purchased from BD Biosciences (Franklin Lakes, NY). Lymphocyte separation fluid was also purchased from BD Biosciences (Franklin Lakes, NY). ELISA kits for sPD-1, sPD-L1, IFN-g, IL-4, IL-17, and TGF-b were purchased from eBioscience (San Diego, CA). Soluble PD-L1 (sPD-L1) protein (26 mg/mL) was a gift from the Department of Immunology, Soochow University. Anti-human PD-1 Antibody (10 mg/mL) was purchased from GenScript (Nanjing, Jiangsu Province, China).
Flow cytometry
For T cell PD-1 detection, APC-labeled CD3, Percp-labeled CD4, FITC-labeled CD8, and PE-labeled PD-1 monoclonal antibodies were used. For DC PD-L1 detection, PerCp labeled CD11c, PE-labeled PD-L1, and PE-cy7-tagged HLA-DR monoclonal antibodies were used. The samples were incubated at room temperature in the dark for 15 minutes and then washed with PBS (phosphate buffer saline) for 2 times. Afterwards, the cells were resuspended in PBS to the concentration of 1 Â 10 6 /mL and analyzed on the MACSQuant flow cytometer (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). MACSQuant Software provided by the flow cytometer was used for data analysis.
Peripheral blood mononuclear cell separation
The whole blood was mixed with the lymphocyte separation solution and centrifuged at 2000 r/min for 20 minutes. The lymphocyte layer was collected gently with a pasteurized tube, and then mixed well with 4 mL PBS. After centrifugation at 1000 r/min for 5 minutes, the PBMCs were collected.
Cell grouping and treatment
The cells were divided into 4 groups, including blank group (RPMI1640 medium only), control group (RPMI1640 medium and cells), and experimental groups (RPMI1640 medium and cells, with 1 mg/mL CD3, 0.4 mg/mL CD28, 2.5 mg/mL phytohaemagglutinin [PHA]), as well as the sPD-L1 stimulation group (RPMI1640 medium and cells, 1 mg/mL CD3, 0.4 mg/mL CD28, 2.5 mg/mL PHA, and sPD-L1) and the anti-PD1 blockage group (RPMI1640 medium and cells, 1 mg/mL CD3, 0.4 mg/mL CD28, 2.5 mg/mL PHA, and anti-PD-1 antibody). After incubation in a 37°C, 5% CO 2 incubator for 48 hours, the culture supernatant was collected to detect cytokines.
ELISA
Peripheral blood was collected from patients with ITP and healthy controls, respectively. Serum samples were collected at 2500 r/min for 10 minutes. Then the cytokines and sPD-1, sPD-L1 were Table 1 The demographic and clinical characteristics of the study cohort.
Healthy control
Patients P value detected as per the instructions. Briefly, 50 mL of the diluted standard sample and the sample to be tested were sequentially added into each well, and then 50 mL of biotin-labeled antibody was added. After incubation at 37°C for 1 hour, the wells were washed 3 times with phosphate buffer saline Tween-20 (PBST). After that, 80 mL of affinity streptomycin-HRP was added and incubated at 37°C for 30 minutes. After washing 3 times with PBST, 50 mL each of substrate A and B were added to the reaction well and incubated at 37°C for 10 minutes. Then the reactions were stopped by adding 50 mL stop solution. The OD450 value was measured with a microplate reader. The level of IFN-g, IL-4, IL-17, and TGF-b in the culture supernatant was detected by ELISA. Briefly, IFN-g, IL-4, IL-17, and TGF-b standards were serially diluted to prepare standard curve concentrations. The absorbance was measured with an automatic microplate reader at an OD450 nm value.
Statistical analysis
All data were analyzed by SPSS17.0 software. Measured results with a normal distribution are expressed as mean ± SD. After all clinical data was tested for homogeneity of variance (Levine test), an independent sample t test for measurement data was used, and a P < .05 was considered statistically significant. The correlation was analyzed by the Pearson linear correlation analysis.
Results
The expression of PD-1 and PD-L1 in ITP patients is higher than that in healthy individuals
To determine the percentages of PD-1+CD3+CD4+ T cells and PD-L1+HLA-DR+CD11c+ DC, flow cytometry was performed. The percentage of PD-1+CD3+CD4+ T cells in peripheral blood of ITP patients was (26.79 ± 8.91)%, higher than that in healthy controls (12.06 ± 2.84)% ( Fig. 1A and B) . The difference was statistically significant (t = 8.715, P < .05). The percentage of PD-L1+HLA-DR+CD11c+ DC cells (12.75 ± 1.86%) was also significantly higher than that of healthy controls (4.90 ± 0.80%), (t = 21.65, P < .05) ( Fig. 1C and D) . The results indicate that the expression of PD-1 and PD-L1 in patients with ITP is higher than that in normal subjects.
Serum levels of IFN-g, IL-4, TGF-b, and IL-17 in patients with ITP
ELISA was used to determine the serum levels of IFN-g, IL-4, TGF-b, and IL-17. Compared with the healthy controls, serum IFN-g, IL-4, TGF-b, and IL-17 in ITP patients were statistically significantly different (Fig. 2) . In detail, the serum concentrations of IFN-g and IL-17 in ITP patients were higher than those in healthy subjects, respectively (P < .05). And serum concentrations of IL-4 and TGF-b in ITP patients before treatment were 
Comparison of sPD-1, SPD-L1, and platelet levels in healthy and ITP patients
To measure the secretion of sPD-1 and sPD-L1 by ITP patients, ELISA was performed. The level of sPD-1 in serum of ITP patients was significantly different from that in healthy controls.
However, there was no significant difference for sPD-L1 between patients and healthy controls (P = .056) ( Fig. 3A) . Pearson linear correlation analysis suggested that serum sPD-1 level was negatively correlated with platelet count in ITP patients (r = -0.736, P < .05) (Fig. 3B ).
Cytokine secretion of PBMCs after stimulation of CD4 T cells
Cytokine changes in cultured PBMCs treated with CD3, CD28, and PHA for 48 hours in vitro are shown in Fig. 4 . The levels of IFN-g and IL-17 in culture supernatant were significantly higher than those in healthy controls (P < .05). Meanwhile, the levels of IL-4 and TGF-b in culture supernatant were significantly lower than those in healthy controls (P < .05). The results indicate that the trend of cytokine secretion by CD4+ T cells in the supernatant of cultured mononuclear cells was the same as that in ITP patients, showing an imbalance between Th1/Th2 and Th17/Treg immune cells.
Cytokine secretion by CD4 T cells after treatment with anti-PD-1 and sPD-L1
To detect the influence of cytokines secreted by CD4+ T cells after blocking the PD-1/PD-L1 pathway of the mononuclear cells in the healthy control group, ELISA was performed to analyze the cytokines secreted by PBMCs of healthy humans after in vitro culture with anti-PD-1 antibody for 48 hours. As shown in Fig. 5 , the levels of IFN-g were significantly higher than that before the treatment. However, there was no significant change for IL-4 (P = .167), TGF-b (P = .948), and IL-17 (P = .393). The results indicate that blocking the PD-1/PD-L1 pathway in healthy people would increase the activation and proliferation of Th1 cells and might induce autoimmune diseases. To determine the effect of blocking the PD-1/PD-L1 pathway of mononuclear cells extracted from ITP patients on the cytokines secretion by CD4+ T cells, ELISA was performed. PBMCs extracted from ITP patients were cultured with anti-PD-1 antibody for 48 hours in vitro. The results showed that IFN-g levels were higher than that before treatment, and the difference was statistically significant. However, there were no significant differences for IL-4 (P = .076), TGF-b (P = .401), and IL-17 (P = .068) when compared with that before the treatment (Fig. 5) . The results showed that the imbalance of Th1/Th2 and Th17/Treg immune cells did not improve after blocking the PD-1/PD-L1 pathway.
Furthermore, we detected the changes in cytokine secretion by ELISA after 48 hours of treatment with sPD-L1. sPD-L1 was used to activate the PD-1/PD-L1 pathway. In the healthy control group, none of the cytokines, including IFN-g (P = .636), IL-4 levels (P = .312), TGF-b (P = .745), and IL-17 (P = .220) showed significant change compared with that before the treatment (Fig. 6 ). However, in ITP patients, the levels of IFN-g and IL-17 were significantly decreased, whereas, the levels of IL-4 and TGFb were significantly increased after activation of PD-1/PD-L1 pathway by sPD-L1 (P < .05) (Fig. 6) . These results indicate that after activation of PD-1/PD-L1 pathway, CD4+ T cell activation may be inhibited in ITP patients, thus alleviating ITP.
Discussion and conclusion
ITP is an acquired autoimmune disease caused by immune imbalance in vivo. The activation of T cells and the cytokine production are main causes of immune damage. Generally, CD4+ T cell subsets are involved in the ITP immune response and pathogenesis. In this study, we found that serum levels of IFN-g were higher in patients with ITP than in healthy controls, while IL-4 levels were lower, suggesting that Th1/Th2 cells are imbalanced in ITP patients. This was consistent with the previous studies, which showed that Th1/Th2 cell imbalance was also present in chronic ITP patients [12, 13] and in children with ITP, [14] meanwhile the Th1/Th2 ratio was always negatively related to platelet counts. [13] Treg cells can inhibit the activation and proliferation of CD4+ T cells or CD8+ T cells mainly through direct interaction between cells and through production of cytokines, such as IL-10 and TGF-beta. [15] IL-17, secreted by Th17 cells, binds to IL-17 receptor and acts on different target cells to trigger the release of inflammatory mediators, which mediates the occurrence of diseases such as inflammatory reactions, autoimmune diseases, tumors, and transplant rejection. In this study, it was found that compared with healthy controls, the level of TGF-b in ITP patients was lower whereas the level of IL-17 in ITP patients was higher, suggesting that ITP patients may have unbalanced Treg/Th17 cells. This is similar to the findings of other scholars. [16] Therefore, the above studies confirmed the presence of abnormalities of CD4+ T cell subsets in ITP patients.
In this study, we found that the proportions of PD-1+CD3 +CD4+ T cells and PD-L1+HLA-DR+CD11c+ DC cells in patients with ITP were higher than those in healthy controls. To further explore the role of PD-1/PD-L1 signaling pathway in ITP patients, we blocked or activated PD-1/PD-L1 signaling pathways in vitro to observe changes in cytokine production by PBMCs. The results showed that the levels of IFN-g and Th17 secreted by ITP patients from PBMCs were significantly higher than those of healthy controls, while the levels of IL-4 and TGF-b were significantly lower. This is consistent with the trend of cytokine changes in the serum of ITP patients, showing polarization to type 1 cytokines and an imbalance of Treg/ Th17 immune cells in vivo.
PD-1 and its ligands PD-L1 and PD-L2 have the effect of inducing and maintaining peripheral immune tolerance, and their mediating inhibitory signals can block the proliferation and function of effector T cells. [17] We found that when PBMCs from healthy controls were cultured for 48 hours in vitro with anti-PD-1, the PD-1/PD-L1 signaling pathway was blocked and IFN-g production was increased. There was no significant change in the levels of IL-17, TGF-b, and IL-4. IFN-g in the local microenvironment is an important factor in promoting the differentiation of Th0 cells into Th1 cells. IFN-g can inhibit the differentiation and proliferation of Th2 cells, and the sustained response of Th1 cells is involved in the occurrence and development of autoimmune diseases. This experiment shows that blocking the PD-1/PD-L signaling pathway in healthy people will increase the activation and proliferation of Th1 cells and may induce autoimmune diseases. The PD-1/PD-L pathway is an important cause of immune escape from malignant tumors. It is reported that PD-L1 expression in patients with colorectal cancer suggested a poor prognosis. [18] After the patient was treated with anti-PD-1 antibody pembrolizumab, its anti-tumor activity was observed. In this study, we found that after 48 hours of in vitro culture of PBMC from ITP patients with anti-PD-1, PD-1/ PD-L1 signaling pathway was inhibited. The secretion of IFN-g levels was significantly higher, and the levels of IL-4, TGF-b, and IL-17 did not change significantly, suggesting that the imbalance of Th1/Th2 cells is more serious and may worsen the condition of patients with ITP. Similarly, another study in mouse found that blocking the PD-1/PD-L1 pathway reduced the suppressive effects of T cells, induced the activation of islet autoreactive T cells, activated the proliferation of CD4+ and CD8+ T cells, and promoted IFN-g, thus causing immune damage to the islet Beta cells and eventually leading to autoimmune diabetes. [19] In this study, we also found that after stimulation of PD-1/PD-L1 signaling pathway by sPD-L1 in PBMCs of healthy controls, there were no significant changes in the level of IFN-g, IL-4, TGFb, and IL-17 when compared before the treatment. However, in PBMCs of ITP patients, compared with before treatment, IFN-g and IL-17 significantly decreased, while IL-4 and TGF-b significantly increased, indicating that the PBMC results suggest that treatment with sPD-L1 may be therapeutic for ITP patients. The results are similar to changes in cytokine levels in patients that are clinically treated with high-dose glucocorticoid therapy, suggesting that activation of the PD-1/PD-L1 pathway may have therapeutic effects on ITP patients.
The sPD-1 and sPD-L1 play opposite roles in PD-1/PD-L signaling. The sPD-1 can bind to PD-L and block PD-1/PD-L signaling whereas PD-L1 can stimulate PD-1 and PD-1/PD-L1 signaling. [9, 10] In this study, we found that the percentage of PD-1 +CD3+CD4+ T cells and the percentage of PD-L1+HLA-DR +CD11c+ DC cells in patients with ITP were higher than those in healthy controls. However, in vitro experiments, when the PD-1/ PD-L1 pathway was activated, the imbalance of CD4+ T cell subsets was restored in patients. We also found that the serum sPD-1 in ITP patients were significantly higher than in healthy controls, which suggests that the high levels of sPD-1 might inhibit the membranous PD-1/PD-L pathway, and thus negatively regulate T cells. Moreover, Pearson linear correlation analysis showed that sPD-1 was negatively correlated with platelet counts in the patient's serum and could therefore be used to assess the severity of ITP. The in vitro results suggest that sPD-L1 activation of the PD-1/PD-L1 pathway may improve the imbalance of Th1/ Th2 and Treg/Th17 immune cells in ITP patients, but this is an in vitro test and has certain limitations. The interaction of PD-1/PD-L1 signaling pathway with other factors in ITP patients needs to be further studied.
In conclusion, our results showed that PD-1/PD-L1 expression was increased in patients with ITP, but there was a significant imbalance of CD4+ T cells in ITP patients. And, we found higher levels of sPD-1 in ITP patients, which may inhibit the PD-1/PD-L1 and result in loss of negative regulation on T cell activation and proliferation. In vitro studies suggest that activation of the PD-1/PD-L1 pathway using sPD-L1 could improve the imbalance of Th1/Th2 and Treg/Th17 immune cells in ITP patients.
